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05 Executive Summary
Team deCipher consists of a multidisciplinary team of 15 students (12 Architectural students and 3
Engineering students) from Visvesvaraya National Institute of Technology (VNIT), Nagpur.
Educational institutions are a reflection of a society and the progress it has achieved. Thus we took on this
noble initiative to bring about a change in the construction of educational buildings sector, highlighting
the needs of the present conditions and the not so distant future:- Net-zero design building emphasizing
efficiency in usage of resources. We hope that the necessity of designing and living sustainably will be
inculcated in the students right from their schools, where they will be spending a significant chunk of
their lives.
We worked on the RAYA International School project which is part of the Indian Academy Educational
Trust, who thus became our Project Partner. The site is located in Dasanayakanahalli, North Bengaluru,
Karnataka. The site is adjacent to the New Airport Road, a 4 lane corridor connecting the city to the
airport, and is developing at a fast pace.
The brief provided by the project partner required a school that would providei) Learning beyond classrooms,
ii) Technology-enabled school ecosystem
iii) Students centric model
iv) Activities that would add up to a holistic development for students
v) Usage of school infrastructure beyond the normal school hours, enabling usage of the maximum
potential of the space
Energy efficiency is achieved by the usage of strategies such as grouping mechanically ventilated space
together, N-S orientation of classrooms, optimising WWR, courtyards, in order to achieve a 33.33%
reduction from the GRIHA benchmark and achieve an EPI equal to 50 kWh/m2/year.
Water demands of the building are largely met through Rainwater harvesting to an amount of 14,411,079
litres, reducing dependency on municipality water sources. Further, 2,112,897 L Greywater and 2,975,559
L Blackwater were treated to create a net-zero water cycle and surplus water is used to recharge the
groundwater table.
The industry partners who helped and guided us through various parts of the project were Bhumiputra
Architecture and Mayapraxis, both firms being based in Bengaluru.
The project has been designed by ensuring an optimum balance between practicality, technology, cost
and performance at each step. The end product will be a net-zero energy and water building, enhancing
the quality and status of the structure among similar educational buildings.
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06 Team Introduction
Team name : deCipher
Institution name : Visvesvaraya National Institute of Technology, Nagpur
Division : Educational Building

The Team
Name

Branch

Year

Team Role

S Vignesh Kumar Varma

Architecture

5

Team Leader,
Architectural Design Lead

Chaitra Alankar

Architecture

5

Water Performance Analyst

Aditya Jaiswal

Architecture

5

Energy Performance Analyst

Abed Michael

Civil Enginnering

4

Civil/Structural Designer

Nunna Eswara Praneetha

Civil Enginnering

4

Engineering Design Lead

Khamar Jaha Mohammad

Civil Enginnering

4

Engineering Operation Lead

R Shabarinath

Architecture

4

Innovation Lead

Ardra Manoj

Architecture

4

Comfort & Environmental
Quality Analyst

Manav Praveen

Architecture

4

Resilience Analyst

Ojal A. Gharde

Architecture

4

Visual Presentation Lead

Manasi Shelke

Architecture

4

Scalability Lead

Sagar Rajopadhye

Architecture

3

Cost Estimation & Affordability
Analyst

Sal S S

Architecture

3

Design Simulation Data Analyst

Srilalitha Ravuri

Architecture

3

Market/Industry Outreach Lead

Samruddhi Gadekar

Architecture

3

Data-Documentation
Management

Table 1: Team Roles

Team deCipher consists of a total of 15 students from Visvesvaraya National Institute of Technology,
Nagpur, currently enrolled in architecture and engineering programs. The team has a versatile
composition of students from various years of study, from Third year to Fifth year programmes
of Architecture & Civil Engineering.
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Approach
A blend of disciplines, backgrounds and thought processes, the diversity in our team allowed for an
unorthodox approach to team planning and organisation. With a horizontal distribution of responsibility,
each of us got the opportunity to work on different aspects of the project ranging from outreach,
research, design, engineering and production.
The team took to virtual working amidst the pandemic via a host of applications and software. Data
storage and organisation was facilitated through Google Drive while planning, brainstorming and
mapping were done on Miro. Reviews were conducted with the faculty lead and the industry partners on
a regular basis allowing for a functional feedback loop that helped us perfect our design while meeting
the client’s needs.

1

instagra

m

outreach

2

GBCI

site

research and
organisation
its
vis

5

GRIHA

final product
Fig 1: Team Approach

7 Final Design Report

3

planning

NET
ZERO

4

design
development

About VNIT
Visvesvaraya National Institute of Technology (VNIT) is one of the 31 National Institutes of Technology
in the country, and is an Institute of National Importance. The main degrees conferred to students are
B.Arch, B.Tech & M.Tech.
The coursework relevant to the 10 contest areas are - Climate Responsive Architecture, Green Architecture,
Environment Behavioral studies, Estimation & Valuation, Environmental studies, Appropriate technology,
Disaster Management, and Architectural Design.

Faculty Lead
DR. MEENAL M SURAWAR
Assistant Professor, Visvesvaraya National Institute of Technology.
Areas of interest include - Theory of Architecture, Urban Heat Island Studies, Urban & Community
Planning, GIS & Remote sensing, Urban Sprawl.

Industry Partner
Bhumiputra Architecture, Bengaluru
Bhumiputra is an architectural firm based in Bengaluru that focuses on
architectural endeavors in a multidisciplinary fashion. Their projects spans
all over India. The team will be benefitted by access and knowledge to latest
technologies and architectural innovations thanks to the firm’s multi faceted
approach with several connections in the industry.
MayaPraxis, Bengaluru
MayaPraxis is a design studio based in Bengaluru that specialises in
architecture and landscape design. The firm’s creative approach to design
and exploration of functionality and economics in their projects will be
beneficial to the team’s progress.
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07 Project Background
Project Details
Project name: RAYA International School
Project partner: Indian Academy Educational Trust
Point of Contact: Dr. Somasekhar Thummala, Chairman
Dr. Suneelkrishna Thummala, Trustee

The Indian Academy Educational Trust was established by a group of visionary educationalists with
the motivation to provide quality education to every student in the country. The Trust has established
numerous institutions under its name in the fields of Nursing, English, Research and Postgraduate
Studies, Management and Pre-University as well as Degree Colleges in Bengaluru, Karnataka. Over the
last two decades, the Indian Academy Group of Institutions have garnered acclaim and have made an
indelible mark on the map of higher education.

About RAYA International School
RAYA International School is located in Dasanayakanahalli, North Bengaluru, Karnataka. The site is
adjacent to the New Airport Road, a 4 lane corridor connecting the city to the airport.
Coordinates: 13.118298° N, 77.668857° E
Site Area: 7.95 acres
Climate Zone: Temperate
Status of Project: Construction Phase 1
Abutting structures: 2FSV Arena, Football Academy of Bengaluru, Meco Kartopia (go-kart track)
Annual rainfall: 986 mm
Average temperature: 22.9 °C
Total Student Capacity: 1000
Total Staff Capacity: 172
Proposed Budget: INR 45 Cr

Site Details
Site Area: 32,201 sq.m (7.95 acres)
Permissible F.S.I: 1.75
Permissible Built Up Area: 56,351 sq.m
Permissible Ground Coverage %: 55%
Permissible Ground Coverage area: 17,710 sq.m
Proposed Built Up Area: 19250 sq.m
Proposed Kindergarten Block: 827 sq.m
Proposed Academic Block: 6509 sq.m
Proposed Admin Block: 581 sq.m
Proposed Indoor Sports Facilities: 3392 sq.m
Consumed FSI: 0.6
Proposed Outdoor Sports Facilities: 2241 sq.m
Proposed Landscaping: 11686 sq.m
Miscellaneous Activities: 466 sq.m
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Special requirements of the Project Partner
Architectural Design - Material exploration to delve into more unique architectural design variations,
formulate learning areas beyond classrooms.

Construction Budget (INR/m2)
INR 41610 / sqm

Note: This cost does not include the cost of land aquisition.

10 Final Design Report

08 Performance Specifications
ENVELOPE SYSTEM

WATER SYSTEMS

The envelope has been devised specific to Bengaluru’s
climate.

To supplement the goal of net-zero water cycle, the
strategies used to achieve the same has been mentioned
below.

SYSTEM

DESCRIPTION

External Wall
Assembly

15 mm External Plaster +
230 mm Bricks +
12 mm Internal Plaster

U-VALUE
1.898 W/sqm-K

40 mm Brick tiles +
Roof Assembly 150 mm Cast Concrete +
6 mm Ceiling Plaster

2.13 W/sqm-K

Window

1.761 W/sq.m-K

SYSTEM

DESCRIPTION

Water Pumps

12V 3M 240L/H Brushless
Submersible Water Pump

Greywater Treatment

Anaerobic Baffled Reactor,
Root Zone Treatment

RWH Treatment Before Use Gravity Sand Filter
SHGC: 0.568

Drip irrigation,
Automated Sprinkler System

Landscape Irrigation

Table 2: Envelope Systems

Table 5: Water Systems

SOLAR ENERGY

HVAC

System for generating 5,32,170 kWh annually as mentioned
in renewable energy potential estimate.

To be used in conditioned spaces. Suggested system doesn’t
require water for cooling.

Luminous Solar Panel 40W / 12V Poly
Anti-reflective coating and back surface (BSF) for more light
absorption.

SPECS

DESCRIPTION

Capacity

40 W, 12V

DAIKIN 4-way blow ceiling suspended unit (SkyAir)
System Type

Air cooled VRF
(Variable Refrigerant Flow)

Cooling Capacity
Heating Capacity

6.8 kW
7.5 kW

Annual Energy Consumption

840 kWh

PV Panels Installed

1000 nos.

Area per PV panel

2 sqm

Efficiency of Panel

15%

CoP

4.08

Converter Efficiency

90%

EER

4.05

Solar Plant Capacity

350kW

Star-rating

5

Table 3: Solar Energy Systems

Table 6: HVAC Systems

LIGHTING SYSTEM

BUILDING OPERATION MANAGEMENT & AUTOMATION

Lighting needed for illuminating the interiors, mostly
classrooms. For exteriors, solar powered lighting fixture was
chosen so that it won’t require additional energy.

To enhance the building’s energy & comfort performance by
customizing in real time with help of sensors and analysing
the data provided by it timely.

SYSTEM
Interiors

DESCRIPTION

SYSTEM

DESCRIPTION

Sensors

Temperature sensors, Humidity
sensors, Motion / Occupancy
sensors, Electric current sensors,
Air Quality sensors

Controller

Schneider EBExpert , 10W

Automation software

Schneider Ecostruxure

Phillips Ceiling light
31822 WAWEL LED WHT TUN 20W, white, LED

Interiors

Zemote IoT Light Module

Interiors

J218 plus 12R 300W

Exteriors

SOLAR STREET LIGHT - MODEL M2, M4

Exteriors

Boulder LED PAR IP65 Waterproof Outdoor
24x10W

Exteriors

Philips Tango LED floodlight

Table 4: Lighting Systems
Standards used- CPWD, NBC, ASHRAE, BEE
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IoT controlled lightning, HVAC

Table 7: Building Operation Management and Automation Systems
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Goal

Strategies

Energy Performance
To reduce energy needs with appropriate design & technology, and to produce energy on
site to to achieve more than 33.33% reduction from the GRIHA benchmark & achieve an EPI
equal to 50 kWh/m2/year. Surplus energy to be transferred back to the grid or to be stored
in batteries for future usage.

•Reduce peak heat gain by roof and wall assemblies with low U-value, low WWR on East and West
facades, energy-efficient windows with low SHGC.
•100% of exterior lighting fixtures with the luminous efficacy of 80 lm/W.
•Occupancy sensors in bathrooms, meeting rooms, cabins etc. for automatic shutoff.
•Achieve UDI of 400-2000 lux in 75% spaces for 90% of the daylight time and reduce dependency
on artificial lighting.

Water Performance
Reduction of 50% from GRIHA benchmark of water demand by installing efficient fixtures.
Reduction of 40% from the GRIHA base case in the landscape water demand. Rest of the
demand is to be entirely met by RWH.

• Low flow fixtures. (W/C: 3 LPF, Urinal 1 LPF, Taps 4 LPM)
• Plant native species with a plant factor of 0.15, provided with drip irrigation, with Xeriscaping to
reduce landscape water reduction.
• 100% wastewater treatment using bioremediation, root-based filtration up to BOD 10 level of
treated water which can be used for non-drinking purposes.
• Use of sustainable filters in RWH.

Resilience
Create spaces that are adaptable and multi usable for the local community during natural
calamities. Design to make it resilient from future problems such as drought, heat waves.

• Auditoriums, Indoor Sports complex nearby to the entrances and can be used as community
shelter areas in events of disaster.
• Backup storage to be provided on-site to ensure autonomy and prevent blackouts during
disasters
• Utilise harvested rainwater for functioning of building and use municipal water only as a source
for emergencies. Divert excess rainwater to recharge underground aquifers.

Affordability
Reduce construction expenditure by sourcing materials from proximate sources, reusing old
building components, and reducing construction time to have a cost reduction of 30-35%.
Reducing Op-ex by 30-50% to generate long term savings.

• Sourcing Masand, Rock Sand, RMC from Hosur Bande quarry and bamboo from Hennur forest
reducing transportation costs.
• Recycled materials such as door frames, window frames, secondary flooring tiles to be used.
• Using a highly energy-efficient HVAC and achieving 40% energy savings in its functioning.

Innovation
Technological solutions on-site to resolve issues like efficient wind energy generation.

• Using buildings as waste sinks. Plinth infills and space below floors can take up waste materials
such as construction waste, plastic bottles, cement bags and sacks that come as waste etc.
• Batteries to store excess solar energy generated, other energy such as Pavegen Electric tiles to
generate energy from walking/running.

Scale & Marketing Potential
Self-sustaining model generated by usage of potential of unused building spaces after
school hours. This will help in better marketability among the general public.

Lease of Auditoriums, sports ground and Indoor Sports complex for usage after school hours.

Health & Wellbeing
Achieve thermal comfort inside the structure according to India Model for Adaptive Comfort
(IMAC), and other metrics to boost learning and productivity of the students.

• Shading devices and buffer spaces around unconditioned occupancy spaces, such as stairwells,
verandahs, corridors etc to reduce direct sun and hot winds.
• IAQ monitoring systems with real-time digital displays showing monitored values for CO, CO2,
temperature, and RH. (One sensor for each space ≥ 30 m2)
• Use of organic paints for interior wall and ceiling finishes, which have low VOC content and are
lead-free.

Architectural Design
Architectural design to supplement the goals of comfortability, and energy performance
goals with passive design.

• Integrating colour theory in the facade and creating spaces with views to induce an amicable
sensory experience.
• Blending architectural design with nature to create a harmonious environment and boost
productivity.
• Incorporating the ASHRAE thermal comfort model to achieve comfortable interior spaces without
air conditioning. The total conditioned area is- 2564 sq.m.

Engineering Operation
Ensure stability of the building and allow sufficient time for evacuation by complying with
provisions provided in IS codes and post-occupancy surveillance.

• Earthquake resilient construction practices.
• Automated BMS conducting surveillance to inspect for damages, sending reports.
• BMS integrated with IoT monitoring and controlling HVAC system operations.

Communication & Outreach
Using platforms of social media to have an outreach with the public and experts for feedback and adoption of innovations.

• Social media outreach to sensitize the public about Net-Zero Design Architecture.
• Networking with people having technical know-how of the latest updates in the field of sustainability.

Net-zero Waste Management
Compliance with the TRUE rating system. Eliminating solid and water waste on-site by at
least 80%, treatment to convert it into useful products further. Sewage water treatment to
be done and conserved water to be used further on-site.

• All on-site solid, non-hazardous wastes are reduced, reused, recycled, composted and/or recovered for productive use in nature or the building system through compost pits, biogas plants and
canteen cooking requirements.
• Provide dedicated, segregated, and hygienic storage spaces within the project site before
treatment/ recycling.

Multi-use Adaptability
Supplementing the goal of affordability and scale & market potential by permitting the
use of buildings like indoor sports complex, auditorium after school hours (9 am-5 pm) for
continuous usage, bringing ROI.

Table 8: Goals
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• Part-time lease of Auditoriums, Sports ground and Indoor Sports complex for usage after school
hours and full time during school holiday periods.
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Energy Performance
Energy performance has been prioritised throughout the project with multiple strategies being followed
to reduce energy needs to help achieve a net-zero building design.
•

Mechanically ventilated spaces are grouped together in order to optimise HVAC requirements.

•

A scattered hardscape will help in reducing the heat island effect.

•

Most of the classrooms are oriented N-S to minimise heat gain and maximise sunlight into the
spaces.

•

Wall to window ratio optimization allows increased efficiency of 40% in N, 25% in S, 20% in E, 30%
in the W direction.

•

Solar panels are oriented towards the south to gain maximum solar radiation.

•

A 70% reduction in energy consumption will be carried out with the help of LED.

•

Courtyards will help in inducing a stack effect thereby reducing energy for cooling purposes.

•

Building planning is carried out in such a way as to introduce mutual shading.

•

External lighting will be done with the help of solar street lights which do not require any additional
energy thereby helping in the reduction of energy consumption.

HVAC
System type : Air Cooled VRF
CoP - 4.08
EER - 4.05
Star-rating - 5
HVAC Energy Requirement = 333.69
kWh /day
Total per year = 83,422 kWh
(considering 250 working days)

N-S Orientation of Classroom

Grouping of Conditioned Spaces

Other Consumptions = 91,262 kWh
Lighting (LPD) : 2.1 watts per square
metre (building)
Total Energy Consumption = 174,684
kWh = 174 MWh
WWR - 40% in N, 25% in S,
20% in E, 30% in W
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Solar Panels oriented
towards South

Solar Generation
No. of Solar Panels = 3,707 (each of 300W)
Installed Capacity = 1112.1 kWp
System Efficiency = 30%
Yearly Generation = 611.384 MWh
Excess Solar Energy Created per year = 437 Mwh
Fig 2: Monthly Energy Output of PV System

Water Performance
A net-zero water cycle has been created on our site where the sum of water used from alternate sources
and water recharged to the ground is equal to the total water demand. 100% of the wastewater is
segregated (into grey and black water) and treated independently on site. We accomplished this by
implementing to the following strategies•

Using rainwater harvesting as the primary source of water, utilising maximum potential of rooftop
spaces and hardscapes.

•

On-site water treatment

•

Segregation of wastewater, reclamation and reuse.

•

Using efficient plumbing fixtures to reduce water usage.

•

Using excess rainwater and grey water to recharge ground water table.

•

Treated black water to be sent back to municipal lines.

Supply and Demand Calculations
CONSUMPTION
Month

Days in
Cooling
Domestic Use (L)
month
Use %

Cooling
Use (L)

Irrigation Use %

WATER SOURCES
Irrigation
Use (L)

Total
Consumption (L)

Municipal
Water (L)

Rainwater
(L)

Generated
Greywater (L)

Filtered
Greywater
(L)

Generated
Blackwater (L)

Filtered
Blackwater (L)

Balance (L)

Jul

23

1,117,800

0%

-

5%

4,025

1,121,825

2,000

2063295

211,916

192,844

277,121

271,579

1407893

Aug

23

1,117,800

0%

-

5%

4,025

1,121,825

2,000

2111279

211,916

192,844

277,121

271,579

1455877

Sep

22

1,069,200

0%

-

50%

38,500

1,107,700

2,000

1919345

202,703

184,459

265,073

259,771

1257875

Oct

23

1,117,800

0%

-

30%

24,150

1,141,950

2,000

2271224

211,916

192,844

277,121

271,579

1595697

Nov

22

1,069,200

0%

-

90%

69,300

1,138,500

2,000

959672

202,703

184,459

265,073

259,771

267403

Dec

22

1,069,200

0%

-

90%

69,300

1,138,500

2,000

287902

202,703

184,459

265,073

259,771

-404368

Jan

22

1,069,200

0%

-

90%

69,300

1,138,500

2,000

0

202,703

184,459

265,073

259,771

-692270

Feb

20

972,000

0%

-

90%

63,000

1,035,000

2,000

31989

184,275

167,690

240,975

236,156

-597165

Mar

22

1,069,200

0%

-

90%

69,300

1,138,500

2,000

175940

202,703

184,459

265,073

259,771

-516330

Apr

15

729,000

0%

-

90%

47,250

776,250

2,000

639782

138,206

125,768

180,731

177,117

168416

May

15

729,000

0%

-

90%

5,625

734,625

2,000

2015312

138,206

125,768

180,731

177,117

1585571

Jun

23

1,117,800

0%

-

90%

Total

End Use

Cleaning &
Maintainance
Washing Utensils

12,247,200

Percent
use

Use in
LPD

25%

10125

7,088

5%

2025

1,418
709

Others

10%

2025

Drinking

25%

16875

Cooking
Toilet Flushing
Total

Greywater in Blackwater
LPD
in LPD

709

5%

3375

-

30%

14175

11,340

100%

48600

12,049

Table 9: Water Supply and Demand Calculations
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1,190,250

2,000

1935339

211,916

192,844

277,121

271,579

1211512

12,783,425

24,000

14,411,079

2,321,865

2,112,897

3,036,285

2,975,559

6,740,110

No. of people
Total LPD

Cooling Use

Irrigation Use

Domestic Use
Use LPD/Head

-

9,214

72,450
536,225

45

L/m2

1

L/Tr

1500

Area m2

3500

Tr per Day
(peak)

67500

Max LPD

3500

Max LPD

Note: Working days in the vacation months have also been considered to aid with our
goal of Multi Use Adaptability.

0
0
0

Groundwater
Recharge

Returned to
Municipal Supply

Excess Water
30,86,857 L

RWH
14,411,079 L

Treated Water
29,75,559 L

Gravity Sand
Filter Treatment

Irrigation
5,36,225 L

Root Zone
Treatment

Usage
11,324,222 L
Municipal
Supply
24,000 L

End Uses
Blackwater
57,40,875 L

40%

Drinking

Cooking
(5%)

(25%)

4252500 L

850500 L

Washing
Utensils(5%)

Cleaning &
Maintainance

Other Uses

Toilet Flushing

810300 L

2551500 L

510300 L

3572100 L

(5%)

(40%)

(20%)

60%

Greywater 2321865 L

Sand Gravity
Filter
Treatment

Treated Water 21,12,897 L

Fig 3 : Water Balance Diagram

Total water consumed= 12,783,425 L
Total Rainwater harvested= 14,411,079 L
Total Greywater treated and used back in the cycle= 2,112,897 L
Total Blackwater treated and supplied back to municipal lines= 2,975,559 L
Total water used for Groundwater Recharge = 3,086,857 L
Water Use Reduction
27% water reduction has been achieved from base case by use of efficient fixtures.
1,800,000

Image

Fixture

Colors

Value

Base Case

LPF / LPM

Design Case
1,600,000

Kohler Water
Saving Toilet

2.6, 4LPF

1,400,000

1,200,000

1,000,000

Kohler Water
Saving Faucet

3.78 LPM

800,000

600,000

CERA Urinals CICILY

1 LPF with
integrated
EFS

400,000

200,000

0

Table 10: Low Flow Fixtures

15 Final Design Report

Sets
July

August

September

October

November

December

January

February

March

April

May

Fig 4 : Total Consumption: Base Case Vs Optimized Case

June

Greywater Treatment

Greywater inlet

Grey water is treated via multiple stages of
gravity filtration which includes gravel, coarse
sand, fine sand, activated carbon and finally
uv filtration to remove turbidity, organic
matter and microorganisms. Subsequently
water is rendered fit for use again.
Water outlet

Blackwater Treatment
Treatment takes place in the planted
Gravel Filter through rootzone system. The
main removal mechanisms are biological
conversion, physical filtration and chemical
adsorption. The treated water at this stage
meets the requirement for recycling and
reuse of water for irrigation purposes.

Fig 5 : Gravity Sand Filter

Fig 6 : Root Zone System for tertiary treatment

Water Storage
It’s impractical to create such large tanks
to hold enough water for our requirement
based on calculations as shown earlier.
So instead water tanks of OHT (over head
tank) containing water supply for two days
= 1,00,000 L and UGT (Under ground tank)
containing water supply enough for 7 days =
3,50,000 L supply will be constructed.
Rest of the water will be stored in underground
aquifers via Percolation Shafts, which inject a
maximum of 194KLd. Water can be pumped
up as per requirements.
Rainwater Harvesting
Catchment areas of roof, hardscape
pavements,
softscape
lawns
receive
rainwater which is then subsequently filtered
without using any extra energy with help of
sand filters and then stored after filtration.
Harvested rain water is the primary and
most prominent source of water in the site
and supplies water for all activities including
drinking, cleaning, washing, cooking etc.

Fig 7 : Schematic Diagram of Recharge Shaft
Impact of rainfall variability on groundwater resources and opportunities of artificial recharge structure
to reduce its exploitation in fresh groundwater zones of Haryana, Bhaskar Narjary, Satyendra Kumar,S.
K. Kamra, D. S. Bundela and D. K. Sharma.

Months
July
August
September
October
November
December
January
February
March
April
May
June
Total Harvested

Rainfall
(mm)
134
137
125
147
65
23
4
7
16
45
131
126

Effective rain
(mm)
129
132
120
142
60
18
0
2
11
40
126
121

Rainwater
Harvesting
Area m2
Surfaces
Roof Surfaces
10000
Hardscape areas 7000
Softscape areas 8648.46
Other
Total Effective Catchment Area

Harvested
Rainwater (l)
2063295
2111279
1919345
2271224
959672
287902
0
31989
175940
639782
2015312
1935339
14411079

Runoff coeffecient
0.85
0.70
0.30

Table 11 : Rainwater Harvesting Calculations
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Effective Catchment Area
m2
8500
4900
2594.538
0
15994.5

Architectural Design

Fig 8 : Site Plan

Fig 9 : Ground Floor Plan on Site
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Architectural design plays a pivotal role in the functionality of the building and the potential to achieve
net-zero status.

•
•

The classes are clubbed into primary, secondary and
higher secondary wings and oriented in an L-shaped
pattern .
Common areas such as clubs, library and labs are
designed in a position such that they are accessible as
well as connected to all three wings.

•

The classrooms and labs are massed around a series of
courtyards that double up as open-air learning spaces.

•

This ensures a balance between open and closed
spaces which provides a positive environment in the
institute.

•

Different blocks are interconnected through bridges
that float above the courtyards allowing for a stable
tangible connection between the different sections.

Placement of the longer sides to north-south
orientation allows more north light to enter the
classrooms.
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•

To facilitate proper sunlight in each room Northlight roofs have been integrated on the terraces.

•

The courtyard in the administrative area is different from the academic spaces. It doubles as a
waiting lounge for the parents and students as well as opens up the block to the academic area.

Fig 10: North Light Window

•

The entire institute is designed to be barrier-free and inclusive.

Fig 11: Accessibilty
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Resilience
The risks on the site level as well as the challenges that Bangalore faces in the near future were identified
and strategies to mitigate them were developed.
Flood Resilience:
A multi-model climate change projection shows that rainfall in Bangalore would increase by 10 to 25%
by the mid 2030s. This means the building needs to be resistant to floods.
•

Bioretention Swales are designed on the periphery of the site. This approach closely mimics nature’s
water cycle and enables the capture of stormwater closer to where it falls as opposed to a more
centralized stormwater management system with pipes and detention basins. This also reduces the
cost of traditional curbing, gutters, and piping by as much as 15%. In addition to treating stormwater,
these bioretention areas also provide an attractive green amenity.

Fig 12: Bioretention Swales

Fig 13: Location of Bioretention Swales on Site Periphery

•

Considering the flood level as 0.6m, the plinth of the buildings is raised
to 0.9m which prevents entry of water into the interiors. The vulnerable
points where water could enter the structures such as service entry of
pipes, cables and ducts into building fabric are located at a height >0.6m
and sealed with water resistant mastic.

•

While the previous measures provide a range of strategies for resilience,
there are limitations once flood depths exceed 1.5 m. In such a case,
the building needs to be recoverable from the effects of flood with
minimum cost to the client.

•

To ensure a PFR strategy is holistic, it was important to understand
material types present within the fabric of a building and their qualities
in relation to flood resistance and recoverability. Characteristics such as
drying time, durability, porosity and the amount of water absorbed will
vary depending on a given material and its configuration. Based on this
study, engineered brick with cement plaster was selected as the primary
material for the walls. The buildings were designed as framed structures Fig 14 : Flood Skirts on the exteriors of buildings
using RCC which resists hydrological forces to a great extent.
The external and internal wall rendering upto 1m are done using oil based paints which reduce
drying times and are easier to decontaminate.

•

Power Outages during Floods:
• A lithium-ion solar battery is provided that stores electricity generated from the rooftop solar plant,
which can be stored during blackouts. It backs up to four circuits which include lights, essential
appliances and services.
•

The mechanical systems are on the rooftop away from flood water.
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Resilience against heat:
The city’s urbanization has led to Bengaluru’s Land Surface Temperature (LST) increasing from 33.08℃
in 1992 to 41℃ in 2017.
•

The city faces the threat of heat waves, and to ensure
comfort during such events is important. Simulation of
internal air temperature in a heat wave situation shows
comfortable conditions in academic and admin buildings.

•

Permeable Surfaces: Non permeable surfaces have been
kept to a minimum, only used for sports courts where it is a
necessity. The roads are constructed using porous asphalt
and walkways with permeable paver blocks, both with
partial infiltration i.e some water infiltrates the subgrade Fig 15: Heat Wave Simulation
but most is stored in the pavement and is removed by a drainage pipe at a controlled rate. This can
increase coolth while walking on it as opposed to light coloured pavements that reflect heat onto
walkers, causing discomfort.

•

The classrooms are planned around courtyards which increase green cover and self shading of the
building.

Earthquake Resilience:
•

Bangalore lies in seismic zone II which is the least
active zone. So, the design considerations were based
on thumb rules such as L shaped blocks and in “0”
shape arrangement.

•

The blocks are fragmented at regular intervals to
improve seismic performance.

Fig 16 : L Shaped Blocks and O Shaped Arrangements of blocks

Multi Use Adaptability:
•

The Auditorium and Sports complex are located near the entrances so that they can be easily
accessed and used by the public during natural disasters. Spaces for emergency storage of essential
items have been provided.

•

In order to hold back flood water, these buildings are surrounded by flood skirts or continuous
waterproof membranes. They can withstand water up to 1.2 m deep and minimize structural damage
to the building from absorption, swelling, and chipping off.

•

In a non-disaster scenario too, these buildings and grounds are a valuable
community resource and can be available to the community for specific uses
that will not interfere with educational activities. The planning also is done in a
way that the other portions of the school are kept secure.

•

Since the site is located in a developing area, the proposed school has facilities
which are missing from the broader community, such as an auditorium, sports
ground, pool or gymnasium, which can be occupied by the community when
not in use by the school. This creates an additional revenue stream for the
school and creates spatial and environmental benefits to the area as a whole.

•

Normal wear and tear of specialized structures such as auditoriums and
swimming pools can usually be recoverable through fees or dues, so this does
not incur additional expense on the school. Sufficient parking is also provided
near the spaces, so that congestion does not become an issue.
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Fig 17 : Generating Revenue Streams

Affordability
The team tried to incorporate many strategies the reduce the overall CapEx of the project to make it
afforadable for the project partner and investors. These include optimizing building form to reduce
heat gain, thin plans and courtyards to have maximum daylit spaces, zoning, etc. which in turn saves on
energy costs. Major savings in the OpEx are brought by the solar array and water performance measures.
Reducing Hard Costs
Baseline Estimate
S.No.

Particulars

Baseline Estimate (Project
Partner / SOR basis)

Definition

Amount (INR)
1
2
3
4
5
6
7

Land
Civil Works
Internal Works
MEP Services
Equipment & Furnishing
Landscape & Site Development
Contingency

Cost of land purchased or leased by the Project Partner
Refer Item A, Civil works in Cost of construction worksheet
Refer Item B, Civil works in Cost of construction worksheet
Refer Item C, Civil works in Cost of construction worksheet
Refer Item D, Civil works in Cost of construction worksheet
Refer Item E, Civil works in Cost of construction worksheet
Amount added to the total estimate for incidental and
miscellaneous expenses.

TOTAL HARD COST

8
9
10

Pre Operative Expenses
Consultants
Interest During Construction

Cost of Permits, Licenses, Market research, Advertising etc
Consultant fees on a typical Project
Interest paid on loans related to the project during construction

TOTAL SOFT COST
TOTAL PROJECT COST
Total Project Cost per Sq.m of Built-up
Area (Including Land Cost)

₹ 59,89,50,000

%
53.0%

₹ 12,60,00,000

11.1%

₹ 6,82,50,000

6.0%

₹ 5,77,50,000

5.1%

₹ 8,92,50,000

7.9%

₹ 3,67,50,000

3.3%

₹ 4,88,50,000

5.0%

₹ 1,02,58,00,000

91.4%

₹ 1,05,00,000

0.9%

₹ 4,40,00,000

3.9%

₹ 5,00,00,000

4.4%

₹ 10,45,00,000

9.2%

₹ 1,13,03,00,000

100.0%

₹ 1,15,872

Table 12: Baseline Estimate

Among the strategies to bring down the baseline estimate were:
A considerable reduction in hard costs was brought by using materials locally available in Bangalore.
Masand, Rock Sand, RMC was sourced from Hosur Bande quarry and Bamboo from Hennur forest
reducing transportation costs. Bangalore stone is used for hardscaping areas (6000 sqm) and bamboo
in lintels.
Bamboo Reinforced Concrete (BRC) Lintels
Dendrocalamus strictus bamboo was used to
replace steel as reinforcement in lintels above
doors and windows. The bamboo-reinforced
beams are casted of size 200 mm x 250 mm x 1200
mm and 200 mm x 250 mm x 900 mm using M25
grade concrete, with 3.9% bamboo. This leads to
a reduction in the use of steel by 0.00051 m3 or
4kg per lintel.
For a kg, steel costs Rs 40, however, 1 kg bamboo
costs only Rs 20, even with the involvement of
middlemen. This means we save Rs 80 per lintel.

Fig 18: Treated bamboo cages ready for casting
Wairagade, V.R., Sonar, I.P. (2022). Bamboo-Reinforced Concrete Lintel—
A Sustainable Approach.

Plinth Infills
The cost of plinth filling materials was reduced by using waste for plinth infills. The plastic bags work as
a damp proofing membrane-thus saving cost and damp issues.
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Recycled Materials
Recycled materials such as door frames, window frames, secondary flooring tiles to be used.
Material

Usage

Quantity

Total

Reclaimed Wood

Door Frames and Shutters

0.162 m3/unit

11.178 m3

Recycled Aluminium

1.5 x 1.2m Window Frames

4.40 kg/unit

1071.37kg , 0.4 m3

Recycled Aluminium

0.9 x 1.2m Window Frames

4.25kg/unit

212.5kg , 0.08 m3

Secondary Flooring

Internal Corridor Floors

-

2961 sqm

Table 13: Recycled Materials Substitution

Reducing RCC Use
As an example, steel trusses are used as a substitute for RCC to span over the badminton hall and
swimming pool, which decreases the amount of RCC used.
600,000,000

Colors

Value in INR

Baseline Estimate
Final Estimate

550,000,000

500,000,000

450,000,000

Civil costs were largely reduced which
brought most of the savings. Additionally,
savings were achieved by using locally
available hardscaping materials.

400,000,000

350,000,000

300,000,000

250,000,000

200,000,000

The total project cost per sq.m of built-up
area comes down to Rs 41610 / sqm.

150,000,000

100,000,000

Note: This cost does not include the cost of land aquisition.

50,000,000

0

Sets
Civil Works

Contingency

Equipment & Furnishing

Internal Works

Land

Landscape and Site DevelopmentMEP Services

Fig 19: Reduction in Hard Costs

Reducing Operation Expenditure
Achieving Net Zero Water meant that , the otherwise cost for procuring 1,76,45,275 L annually purely
from municipal sources was saved. This was done by using low flow fixtures to reduce the water demand
to reduce incurring costs at the source. The RWH system fulfils demand for 1,54,28,208 L i.e 87.4% of
the annual demand. This saves annually Rs. 7,71,410 , considering present rates of municipal water in
Bangalore. So the total expenditure on water is for the 24000 L from the municipal supply, amounting
to Rs 1200, in addition to the cost for maintaining RWH systems (15% of CapEx for 60 years).
Note: The rate of water is considered to be Rs. 50/kl.

Energy costs in bangalore are ever increasing and constribute to the biggest chunk of operative costs.
3707 nos. of Solar panels installed on the rooftop harvest 611.384 MWh of electricity annually. This makes
the building net positive and decreases the OpEx exponentially saving
Rs. 14,23,675 annually.
Note: The rate of electricty is considered to be Rs. 8.15 / unit

Energy Savings

Using energy efficient lighting fictures (refer specifications) such as exterior
lighting with luminous efficacy of 120lm/W helps reduce the demand and
hence the cost further.

Rs 14,23,675

The cooling loads of the building have been brought down by both the
low SHGC glass and a low U-value efficient building envelope (refer energy
simulation). The efficient building envelope creates comfortable conditions
requiring very few conditioned spaces. The HVAC system in those spaces
has been optimized to reduce the overall capacity required.

Water Savings
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Rs 7,71,410

Health and Well Being
Health and well-being have been prioritised throughout the design through various parameters.
Urban Heat Island Effect:
•

•

Cities like Bengaluru have become large islands of concrete. This concrete generates well-known
urban heat island effects. Proximity of buildings contributes to this heat island effect since
building materials are good insulators of heat, making the areas around the structure warmer.
To counter this effect, individual blocks of the school are scattered across the site to prevent
creating hot air packets. This allows natural hot air to rise up without any obstructions.
Additionally, the roofs are covered with reflective solar panels that reflect solar radiation and
prevent the building from absorbing direct heat.

Thermal Comfort:
•

•

Most of the occupancy hours in the months in which the school is functional (June to March)
are comfortable - 8.4% (1612 hours) of the year lie in the comfort zone. Sun shading and
Dehumidification bring the comfort percentage to 64.7% (5671 out of 8760 hours).
February and March are the critical months where the afternoon DBT is greater than 27 deg C.
(Comfort range according to IMAC). To maintain thermal comfort in non-conditioned spaces, passive
cooling techniques are employed (courtyards, reflective roofing, greenery, mud plastering on walls).
Shading devices and buffer spaces around unconditioned occupancy spaces, such as stairwells,
verandahs, corridors etc to reduce direct sun and hot winds.

Noise and Pollution:
•
•

At the site level, planning has been done in such a way that open spaces and large grounds
are used as a buffer to reduce noise levels by planning the academic spaces away from noise
sources.
Taking future development into consideration, the periphery of the site is lined with local
vegetation to create a buffer zone that blocks external pollution and noise from entering the site.

Sensory Comfort:
•

•
•

Each space is planned around a courtyard or adjoining to an open plaza
which ensures the blend of nature with the built mass enhancing the
spatial
quality
and
visual
comfort
with
adequate
light
and
greenery.
Spaces have been designed according to user age groups.
Architectural finishes and dimensions are designed corresponding to the requirements of the
user age group, avoiding external damage. (For example: - chamfered corners)
Acoustic comfort has been achieved in necessary spaces such as auditoriums.

IAQ:
•
•

IAQ monitoring systems with real-time digital displays show monitored values for CO, CO2,
temperature, and RH. (One sensor for each space ≥ 30 sq.m)
Organic
paints
are
used
for
interior
wall
and
ceiling
finishes,
which
have
low
VOC
content
and
are
lead-free.
Each space has openings on at least two sides ensuring cross ventilation of 0.18 cfm/
ft sq Ra (above minimum ASHRAE standards for ventilation rates in breathing zones).
ACH achieved in classrooms is 3.2.
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Learning and Productivity:
Recreational
and
cultural:
Areas
like
the
auditorium
and
OAT
/
cultural
exchange
spaces
enhance
social
behaviour.
Provision
of
courtyards
and
other open seating areas boost social interaction among students and staff.
Spiritual well-being of users is moderated by yoga and meditation halls.
Students and faculty are well connected to nature through courtyards that blend in with classrooms.
Open-air spaces like courtyards and open plazas provide serene views.

Innovation
Waste Sinks
The team’s primary goal under innovation was to address
Bengaluru’s rising garbage crisis. With the city slowly choking with
non-biodegradable waste, we took to ‘Waste Sinks’ as a solution.
The land below a building’s plinth is a redundant element in the
local ecosystem as it is unable to sustain any biodiversity or
grow food. Turning this area into waste storage allows for a more
sustainable alternative to landfills.
The area under the foundation of the building and within the
plinth of the school is filled with wastes like plastic bags, bottles,
thermocol, sachets, cement bags and other construction wastes
and debris.

Debris, construction wastes
and other non-biodegradable waste

Fig 20: Waste Sink

Kinetic Tiles
Kinetic floor tiles capture energy generated when people walk
on them. The tiles transform footsteps into electricity which can
power street lighting.
They work on the principle of piezoelectricity. When an object is
subjected to mechanical pressure (i.e: something steps on it) it
creates an electrical current.
Each time a pedestrian walks over a tile, 2-8W of energy is
produced.

Fig 21: Kinetic Tiles

Information Display Board To Promote Zero-Waste And
Sustainability
To promote the sustainable use of resources, the children would
get access to display boards showing how much energy, water is
consumed less or more than the average every day.
The amount of food wasted every day in the school cafeterias will
be displayed as well to make the children aware of the food that
gets wasted and could have been avoided to a certain extent.
Individual energy usage of each class can be calculated by house
of lighting used, equipment loads etc.
Taking advantage of the competitive behaviour of the children,
these displays can save energy among the class by rewarding them
for best performing class in terms of energy use. This approach
will create the habit of saving energy in their daily life.
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Fig 22: Information Display Boards

Scalability and Market Potential
The school is located in Dasanayakanahalli, North Bengaluru- an emerging area with a host of
potential to develop in the near future due to its proximity to the airport. Catering to the growing local
community that surrounds the complex, the school is opened up for use during non-working hours.
This multi-use adaptable model allows the school complex to give back to the local
community by introducing spaces that help build a rich, thriving neighbourhood likesports grounds, auditorium/ open air theatres for cultural events and plazas for exhibitions.
Many street festivals and celebrations that are local to Bengaluru and hold
high cultural significance often overlap with non-working hours of the
school, allowing for the school complex to be used as a hosting centre.
Additionally, to educate the incoming community and promote a net-zero building culture, the open
plaza is set up with a panel display that breaks down the various parameters of a green building.

Producer

Festivities

Goods

Chitra Santhe

Handcrafted art
and craft work

Local artisans

Open public

Kadalekai Parishe

Freshly harvested
groundnuts

Local Farmers

Open public

Avarekai Mela

Farm sourced
hyacinth beans

Local Farmers

Open public

Local Artisans Fest
( Monthly)

Art Works
( paintings,
pottery,
furniture etc)

Local artisans

Open public

Dancers

Open public

Local Farmers

Open public

Pattadakkal Dance
Festival

Mango Fest

Freshly harvested
mangoes

Consumer

Fig 23: Schedule of Cultural Activities

ENERGY
ವಿದ್ಯುತ್

Energy performance has been
prioritised throughout the project
with multiple strategies being
followed to reduce energy needs
to help achieve a net-zero
building design.

Fig 24: Panel Display
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WATER
ನೀರು

HEALTH
ಆರೋಗ್ಯ

RESILIENCE
ಸ್ಥಿತಿಸ್ಥಾಪಕತ್ವ

ARCHITECTURE
ವಾಸ್ತುಶಿಲ್ಪ

performance and security independently from the volume of
data involved. The Server offers two data recording models:
the Historian and the Data Logger. Design engineers can
therefore configure projects based on the type of analysis
they need to perform. Due to Progea’s Virtual File System
(VFA) technology, the integrated Movicon.ba™ persisting
data model consents to project independency from the
server and data archiving format and where data is to
be filed. This means that data can be filed locally or on a
relational DB. Microsoft SQL Server is used for default but
MySQL, Oracle and others can be used as well as Cloud by
using the Microsoft Azure cloud computing technology.

I/O drivers, they can also be configured with independent
connectivity to building devices and with specific recipe data
transfer functions (download/upload) atomically.

Engineering and Trends,
Operations
Data Analysis and Reports
BAS

All the data recorded in the archives can be accessed from
the system using viewer and analysis objects designed
for this purpose. These objects include Trends, Tables,
Charts and Reports. Users get to use the most modern
functions available to view analysed building data such as
temperatures, power consumptions and any other variable
managed by the system. The integrated Report Designer is
used to create detailed reports which can also be accessed
over the web and exported in the most commonly used
formats. The data provided by this analysis will enable you
to control and manage your building better.

Movicon.ba BAS (Building Automation System) which
is integrated with IOT will monitor energy usage,
temperatures, indoor air quality and return feedback
with which the usage can be optimized.
Intelligent Lighting

Fig 25: Movicon.ba BAS Interface

Lighting will be turned on, off, or dimmed based on time of day, or on occupancy sensors, photosensors
and timers.
A photocell placed outside a building can sense darkness, and the time of day, and modulate lights
in
7
outer offices and the parking lot. Solar powered street lamps with 75Wp under STC are installed.
Dynamic Shading And Glazing
BAS controlled external or internal shading devices (blinds, and shades):
The system has an active and rapid response to various changing outdoor data (such as solar, wind) and
to changing interior environments (such as temperature, illuminance, and occupant demands).
Air Handling Unit (AHU) and Roof Top Unit (RTU)
AHU and RTU that serve multiple zones vary the “Discharge air temperature setpoint value” automatically
in the range 13 to 21 °C (55 to 70 °F) with help of temperature & occupancy sensors. This adjustment
reduces the cooling, heating, and fan energy consumption.
2/19/22, 8:54 PM

deCipher (@team_decipher) • Instagram photos and videos

2

Communication

team_decipher
7 posts

56 followers

Message

2 following

deCipher

The team realised the importance of clear communication while
interacting with different stakeholders such as industry partners,
project partner, cost estimator, faculty lead and other experts.
Each one had different knowledge sets and we needed to alter our
proposition to get maximum benefit out of the interaction.

Official account of VNIT Nagpur's team for @solardecathlonindia.
We're working towards creating a sustainable future through
design solutions.
Followed by astraight_line_, _pallavianilkmr_, pur_sea +17 more

POSTS

REELS

TAGGED

In presenting the design and process, our focus is to make it as
visual as possible. We’ve tried to make the reports easy to read and
understand with the help of good typography and illustrations to
support the data.
We attempt to incorporate data visualisation techniques to make
numbers and figures easy to comprehend. This was evident in our
presentations and discussions with the project partner and other
shareholders. We were able to convince them about the advantages
of the design decisions we made, through comparative charts and
graphs.
We understand some terminologies and concepts related to net
zero buildings can be daunting to the layman. We’ve tried to use
Instagram as a platform to make this knowledge more accessible
by sharing sustainability hacks and explainer posts. We were able
to reach a wider audience by creating memes which were also
reshared by people.
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https://www.instagram.com/team_decipher/

Fig 26: Team Decipher Instagram Page

Fig 27: Meetings with Cost Estimator

1/2

11 References
http://biomesolutions.blogspot.com/2012/09/buildings-as-waste-sinks.html
https://bwssb.karnataka.gov.in/storage/pdf-files/Prorata%20and%20Water%20tariff/water%20rates.docx
Recent Advancements in Civil Engineering Select Proceedings of ACE 2020, Boeing Laishram, Abhay Tawalare
https://bengaluru.citizenmatters.in/bengaluru-rainfall-climate-change-ksndmc-study-65200
https://www.deccanherald.com/opinion/panorama/we-need-to-address-bengalurus-bleak-climate-future-996887.html
https://www.researchgate.net/publication/256848028_Greater_Bangalore_Emerging_Urban_Heat_Island
https://www.teriin.org/projects/apn_capable/pdf/bang_present/Kiran_Kumar.pdf
https://bengaluru.citizenmatters.in/urbanisation-high-land-surface-temperature-65541
https://bengaluru.citizenmatters.in/interview-climate-change-bengaluru-dr-j-srinivasan-iisc-72855
https://www.nationalgeographic.org/encyclopedia/urban-heat-island/

28 Final Design Report

